Abrasive testing machine can effectively evaluate the wearability of sealed coatings for aircraft engines. High temperature, high speed and harsh working conditions have brought difficulties to the development of testing machines, At the same time, it brings motion error to the test machine feed system. This paper analyzes the error brought by the high temperature environment to the feeding system of the testing machine, and proposes an evaluation and compensation method. Through experimental verification, the method can effectively eliminate the experimental error caused by temperature and evaluate the wearability of the seal coating. Laid the foundation of research and provided accurate test evaluation conditions.
Introduction
The abradable coating is a typical sealing material, which is generally sprayed on the inner wall of an aero-engine engine and is used in high-temperature and high-speed working conditions [1] , so it is required to have good comprehensive performance [2] . Severe service conditions have brought great difficulties to the study of high-speed friction and wear behavior of sealed coatings. At present, mainly based on simulation tests, the wearable testing machine developed in recent decades has become a very effective test. means [3] . Switzerland Sulzer Metco [4] , United Kingdom Sheffield the University [5] , Canadian National Research Institute [6] , Germany MTU [7] and Beijing Mining and Metallurgical Technology Group Co., Ltd. and other research units have successfully developed an abradable testing machine that can simulate the working conditions, and studied the characteristics and mechanism of high-speed friction and wear.
Test Machine Model
Schematic diagram of the abradable test machine is shown in Figure 1 , Roulette with engine blades, Power system drive wheel high speed rotation. The substrate coated with the sealing material is clamped on the feed system. Based on the variation law of engine blade and casing clearance, Set the axial and radial feed trajectory and feed rate of the feed system, Thereby simulating the frictional scraping of the blade and the casing. 
Analysis of the Effect of Temperature on the Feed System
In the test of simulating high temperature and high speed working conditions, the thermal expansion of the turntable will cause thermal deformation of the turntable due to the increase of temperature, which will affect the accuracy of the feed system and affect the accuracy of the friction between the simulated blade and the machine. Schematic diagram of its heating method, as shown in Figure 1 . Thermodynamic simulation of ansys was used to analyze the diameter of the turntable with a diameter of 770 mm, and the temperature profile and deformation profile of the turntable were plotted, as shown in Figure 2 . When the heating system heats the coating to the test temperature, the temperature of the turntable can reach 80 °C due to heat transfer and friction with air. Analyze the radial deformation of the rotor turntable without heating the wheel. The temperature profile and radial deformation of the turntable are shown in Figure 2 . The radial deformation map at the outermost edge of the turntable is the largest, and the amount of deformation is 7.7 μm. The above deformation is small, and has little effect on deformation compensation. By adding the amount of deformation to the dynamic deformation compensation, the state of the blade and the seal coating can be simulated.
In order to simulate the working environment temperature of the aircraft engine blades and turbine disks, the wheel is uniformly heated, and the corresponding mechanism is installed on the outer side of the wheel to reduce heat conduction and ensure the heating temperature of the wheel reaches the experimental requirements. The thermodynamic analysis of the turntable system, the distribution map and radial deformation diagram at each temperature are shown in Figure 3 . The radial deformation of the turntable at different temperatures is shown in Table 1 : The effect of high temperature on the compensation curve of the feed system: From the above analysis: When the wheel is heated, the wheel deformation is linear with temperature. When the wheel is tested at low speed, the wheel deformation caused by dynamics is negligible, and the deformation caused by temperature is the dominant of the deformation of the wheel. Attention should be given to the compensation system. The feed trajectory of the A feed system is set as follows: X=Bt2+Ct (B, C is constant, t is time). The feed depth is Dmm.
Evaluation Compensation Method
Based on the variation law of engine blade and casing clearance, the axial and radial feed trajectory and feed rate of the feed system are set to simulate the frictional scraping of the blade and the casing. Tested at a specific temperature, the amount of heat deformation of the wheel should be offset in the feed path equation and feed. Now set the deformation of the wheel at a certain temperature to A, and the feed trajectory of the feed system is: X=Bt2+Ct (B, C is constant, t is time). The feed depth is D. The estimated feed trajectory after evaluation is:
X1= Bt 2 +Ct-A(B, C is a constant, t is time, A is deformation) The evaluation of the feed depth after compensation is:
D1=D-A(D is the original set feed depth, and A is the deformation amount.)
Evaluation Compensation Test Verification
In order to eliminate the deformation caused by the dynamics of the wheel as much as possible, this group of verification tests set a lower wheel speed, which is 50m/s. The feed trajectory and feed depth after evaluation are used. The coated samples were tested with actual wear at 200 °C, 300 °C, 400 °C, and 500 °C. The theoretical calculation data and test data have certain errors. See Table 2 for the test specimens. The effect of the wear surface of an abradable coating at different temperatures is shown in Figure 5 . The sum of the blade height variation and the scraping depth is the actual effect produced by the feed compensation. Since the test is at a wheel linear speed of 50 m/s, this speed will produce a slight deformation of the wheel, and the support of the bearing will also bring the eccentricity of the spindle, resulting in a slight error. From the numerical analysis obtained, the actual effect of the feed and the theoretical error can be controlled within the range of 0.15 mm, and the wheel change caused by the high temperature is effectively compensated.
Conclusion
In order to evaluate the wearability of the seal coating, an accurate feed depth is required for the test of the wearability of the coating. The temperature evaluation compensation method can effectively eliminate the influence of temperature on the test results. By studying the error caused by the deformation, vibration, bearing support, etc. of the wheel caused by high-speed rotation, the compensation can be effectively compensated, and the feed depth of the feed path can be obtained accurately. Accurate wear depth lays the foundation for the evaluation of sealable wearability and provides accurate test evaluation conditions.
